Résumé. 2014 Trois solides bidimensionnels (2D) y, 03B4, 03B2, sont observés à basse température par 
e) Laboratoire M. Letort, C.N.R.S., 54600 Villers-Les-Nancy, France. ' (1) Institut Laue-Langevin, 38042 Grenoble, France. solid-liquid (melting) transitions are not well understood.
Concerning the solids, the question whether the structure of the adsorbed layer is similar to that of the densest plane of bulk solid has only been solved in a few cases. For instance, the rare gases adsorbed on graphite exhibit a hexagonal structure showing a commensurate-incommensurate transition [4, 5] [6] . An antiferromagnetic ordering occurs at low temperature. As for N2 molecules, an orientational ordering takes place below 30 K. Above this temperature, molecules are free to rotate at the 2D lattice points [7] . For C2D,,, an orientational ordering also disappears above a transition temperature [8] . Finally preliminary results have been published on the polymorphism of NO adsorbed on graphite [9] . The molecule is dimerized and can stand up or lie down on the substrate according to coverage and temperature. One of the goals of this paper is to complete and develop this previous study.
Other problems concerning the 2D liquids have raised longstanding debates about the order of the melting transition. Depending on the theoretical model, the melting can be a sharp (first order) or continuous (higher order) transition [10, 12] . It has been extensively studied experimentally with numerous adsorbates using graphite as a substrate [8, 9, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
The results indicate that solid-fluid transitions are more or less abrupt depending on the system. When the transition is continuous, one does not known if it is due to an intrinsic property of the melting of the layer or a broadening produced by surface heterogeneities or size effects [22] . For instance, several authors believe that the melting of a submonolayer of krypton adsorbed on graphite is continuous [24, 39] . However, this result is questioned by others [40, 41] (Fig. 3a) , a main peak occurs near the scattering angle 20= 440. It is followed by a small peak around 600 and by a bump near 850. The two peaks have the sawtooth characteristic shape of the diffraction by a powder of Background scattering from the substrate has been subtracted. Typical background level is 5 x 10' counts for the present experimental conditions. All curves are normalized to the same number of incident neutrons. The dashed lines on the abscissa correspond to the position of the substrate peaks. Blind windows correspond to the substrate peak modification due to the overlayer : (002) peak at 44° ; (100) and (101) planes [33, 34] . The pattern of figure 3a persists up to 74 K and thus corresponds to the P phase of MTD. At x = 0.4 ( Fig. 3c) figure 4 . [34] . Readers not familiar with the subject will find a full discussion in papers [33] [34] [43] ) is actually the integrated distribution of the crystallite surfaces (more details will be published elsewhere [44] [35] along a and b with translation of one-half the repeat distance. Hence the 2D space group of the 03B2 solid is pgg (point group 2 mm).
The P phase is the densest 2D solid. To solve its structure, we analyse the bulk configuration of nitric oxide molecules and try to adapt this three-dimensional packing to the 2D situation. The 3D densest plane, called (001), has a rectangular cell with dimerized N2O2 molecules standing up almost perpendicular to this plane [36] . They obey a statistical disorder in such a way that a lattice site can be occupied with the same probability by the two configurations drawn in figure 6 . Because of this disorder, a radiation see the N202 molecule in the shape of a rectangle. We keep in mind these two ideas of dimerization and statistical disorder in our investigation of the 2D adsorbed solids. In those hypothesis, each scatterer has the same coherent scattering amplitude. We first notice that the 2D fi unit cell is very close to that of the (001) The best fit between the calculated and observed relative intensities (see Fig. 3a ) gives i = 52 ± 100. For this structure, the packing test always yields rijl2 Ro &#x3E; 1. Fig. 7 . -The p solid has N202 molecules standing up on the graphite substrate.
As seen in figure 7 , the p crystal has a close-packed structure. The triangle formed by the mass centre of three contiguous standing up molecules is almost equilateral. This structure is similar to that of the densest plane of the bulk crystal.
The surface occupied by a molecule in the f3 phase (-12 (Fig. 3a) . The The agreement between the calculated and measured line profiles is fairly good. The theoretical curves fit well the main features of the data like the general shape, the position in 2 0, the shoulder at 450 (indication of the 20 Bragg peak), the 21 peak whose intensity is not ajusted and the line width as well. But the calculated intensity is too large above 46-470 and too small above 610. The first defect cannot be rectified by increasing L because this would contract the 21 peak which is already too narrow. This slight discordance between the observed and calculated trailing edge of the diffraction line shows the limitation of the analysis through the framework of Warren-Kjems formalism. It could be due to the fact that the peak at 450 is the superposition of two diffracted lines. Any small variation of the maximum line positions will produce a change in the peak shape. We did not try to introduce a new parameter in our fit.
The value L = 250 A seems to characterize the mean size of the 2D adsorbed islands on papyex. It was already found for the cluster size of Kr [31] and CD4 [25] adsorbed on this substrate. Another recompressed graphite powder (see § 2), called grafoil [15, 16, 33] is often used in neutron studies of adsorbed layers. Both substrates have comparable specific areas, preferential orientations and densities. The mean value of L for grafoil is about 100 À. One can conclude that papyex is better than grafoil as far as the size of the diffracting arrays is concemed.
We could also note that another form of graphite powder called UCAR-ZYX has a larger mean size [42] ('" 500 A). However, its specific surface is smaller than papyex or grafoil. The adsorbed scatterers are reduced and this substrate seems unappropriate for diffraction studies with the weak neutron fluxes.
3.2.4 Mean squared displacements and thermal expansion. -The f3 phase is stable within a temperature range of 64 K between 10 K and 74 K. The intense peak at 440 indexed 11 (Fig. 3a) allows us to determine two thermal properties, i.e. the variation of the mean squared displacement U2) of the N2O2 molecules from the Debye-Waller factor and the mean coefficient of thermal expansion from the variation of the position of the peak between 10 K and 74 K. Two spectra have been measured at 10 K and 74 K. ( U2 ) parallel to the surface has been calculated with respect to the value (unknown but close to 0) at 10 K.
The results indicate L1 ( U2 &#x3E; -0.02 Â2. It is worth noticing that for bulk N0 ; U2 &#x3E; --2.5 x 10-2 A2 at T = 98 K [37] which is an average value determined from the temperature factor. So, the mean squared displacements of N202 dimers have about the same value in the fi solid phase that in the bulk. It is not surprising if we remember that the distance between molecule in the fi phase is about the same that in the (001) plane of bulk NO. However, we must be aware that any temperature dependence in the atomic positional parameters within the unit cell would also contribute to change in intensity.
When T changes, the position of the Bragg peaks moves a little. It gives us a mean to measure the average thermal expansion coefficient between 10 K and 74 K along a and b directions. We found and The values are smaller that that found for Ar by Taub et al. [15] which is = 1.5 x 10-3 K -1, or that found by Venables et al. [5] for Xe which is = 3 x 10 -3 K -1. Typical values are ^ 3 x 10-4 K-1 for bulk argon, 9 x 10-4 for bulk xenon which are smaller than the corresponding 2D ones. This is certainty due to the lower dimensionality of the system where molecules have less neighbours. Unfortunately we don't know the value for bulk nitric oxide.
4. Melting and 2D fluids. - When the temperature is decreased at 74 K, at constant coverage, the spectrum does not change for x = 0.4 (Fig. 10c) , whereas it is completely modified for x = 0.85 (Fig. 10d) As we mentioned in the introduction, the problem of the order of the 2D melting transition has been raised since many years. A rule had been proposed by experimentalists [1] . The melting transition would be first order if the 2D crystal structure is commensurate with the substrate and higher order otherwise. The present results show that this rule does not hold for the fi crystal is not commensurate with the graphite surface.
Theorists investigated the mechanism of 2D melting.
The Kosterlitz-Thouless model is based on the ideas that a 2D crystal melts through the dissociation of dislocation pairs [10, 38] . Nelson and (Fig.1 la) and tentative schematic phase diagram featuring in particular three triple points, one critical temperature and one tricritical point (Fig. l lb) . Three solids j8, y, ô, one liquid 1 = a and one hypercritical phase h have been observed. (Fig. 11a) [4, 5] .
The mechanism by which the N 202 molecules are going from their lying-down position (y) 
